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AERONAUTIC SYMBOLS
1. FUNDAMENTAL AND DERIVED UNITS

Metric English
Symbol A
- bbrevia- .s Abbrevia-
Unit tion Unit tion
Length_____. 4 meter. ... ___________.. m foot (or mile) . ________ ft. (or mi.)
Time...._.__. 4 gecond. __________.._.._ ] second (or hour) _______ sec. (or hr.)
Force.._._____ F weight of 1 kilogram_____ kg weight of 1 pound._____ 1b.
Power.__._.._. P horsepower (metric) - - - ... ____ horsepower. . ___.______ hp.
Speed T {kilometers per hour______ k.p.h miles per hour._ . _____ m.p.h.
peed- - ----- meters per second_ ______ m.p.s. feet per second________ f.pas.
2. GENERAL SYMBOLS
Weight=mg . v, Kinematic viscosity
Standard acceleration of gravity=9.80665 p, Density (mass per unit volume)

m/s* or 32.1740 {t./sec.?
Mass=—

Moment of inertin=mk®> (Indicate axis of
radius of gyration &k by proper subscript.)
Coeflicient of viscosity

Standard density of

dry air, 0.12497 kg-m*-s? at

15° C. and 760 mm; or 0.002378 Ib.-ft.~* sec.?
Specific weight of ‘‘standard” air, 1.2255 kg/m® or
0.07651 1b./cu. ft.

3. AERODYNAMIC SYMBOLS

Aren

Area of wing -
Gap

Span

Chord

Aspect ratio
True air speed
Dynamic pressure== % p1™

Lift, absolute coefficient 0‘=gL—S

Drag, absolute coeflicient, OD:q-%
Profile drag, absolute coefficient ODo=qD—,5°'

Induced drag, absolute coefficient CD‘=%

Parasite drag, absolute coefficient C’Dp=%
Cross-wind force, absolute coefficient Cc=q—%

Resultant force

Twy

Angle of settirg of wings (relative to thrust
line)

Angle of stabilizer setting (relative to thrust
line)

Resultant moment

Resultant angular velocity

Reynolds Number, where [ is a linear dimension
(e.g., for a model airfoil 3 in. chord, 100
m.p‘il. normal pressure at 15° C., the cor-

responding number is 234,000; or for a model
of 10 ¢m chord, 40 m.p.s., the corresponding
number is 274,000)

Center-of-pressure coefficient (ratio of distance
of ¢.p. from leading edge to chord length)

Angle of attack

Angle of downwash

Angle of attack, infinife aspect ratio

Angle of attack, induced

Angle of attack, absolute (measurad from zero-
lift position)

Flight-path angle

- w

-
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AS AFFECTED BY SUPPORT INTERFERENCE AND OTHER CORRECTIONS

By Eastman N. Jacoes and Ina H. AsBoTrT

SUMMARY

The results of an investigation of the effect of support
interference on airfoil drag data obtained in the variable-
density tunnel are presented. As a resull of the support
interference, previously published airfoil data from the
variable-density tunnel have shown loo large drag coeffi-
cients and too large a rate of increase of drag coefficient
with airfoil thickness. The practical effect of the correc-

tions on the choice of the optimum section is briefly |

considered and corrected data for a selected list of airfoils
are presented as a convenience to the designer. Methods
of correcting published data for other airfoils are presented.

INTRODUCTION

Airfoil data obtained in the variable-density tunnel
(reference 1) have been published (references 2 to 6) in
forms that were considered at the time of publication
to be most useful to the airplane designer. In the
earlier publications (references 1 and 2) no corrections
other than those for tunnel-wall effects and to infinite
aspect ratio were applied to the data, and emphasis was
placed on the pressing problem of obtaining good com-
parative data for judging the relative merits of airfoils
rather than on obtaining absolute accuracy.

It was recognized that certain consistent errors were
present in the data, but it was thought that the effect
of these errors on the comparative value of the data
was not of primary importance. Support-strut inter-
ference, for example, was considered to be a possible
source of systematic error, but it was thought that this
mterference would not affect the order of merit of the
airfoils tested except possibly in the ease of very sensi-
tive airfoils, which might also be similarly affected by
the wing-strut intersections of biplanes common at the
time. The turbulence of the air stream was thought
not seriously to impair the comparative value of the
data and, perhaps, even to be desirable, because the
extensive turbulent Foundary layers occurring on the
models in the tunnel as a result of the turbulence would
also be found in practice at high values of the Reynolds
Number on conventional airfoils with the usual mod-
erately rough surfaces. It was also considered that
errors arising {rom failure of the conventional airfoil
theory to predict section characteristics accurately from

the model tests would largely disappear when the data
so derived were used to predict the characteristics of
wings approximating the same plan form and aspect
ratio as the models.

The absolute accuracy of the data was, however,
improved from time to time by the investigation of
consistent errors. An attempt to evaluate the effect
of support interference on the measured drag coefficients
was Inconclusive (reference 4) and no corrections were
applied. The data were further improved by the ap-
plication of corrections for turbulence and for improve-
ment of the approximations to section characteristics.
The corrected coefficients were designated by lower-case
symbols, such as cs, as contrasted to the older ODo'
One of the chief effects of these corrections was to re-
duce the profile-drag coefficients, particularly for the
thicker airfoils. .

As airfoil data at large values of the Reynolds Num-
ber became available from the N. A. C. A. full-scale
tunnel (reference 7) and from foreign sources (references
8 to 13), even the corrected profile-drag coeflicients ob-
tained in the variable-density tunnel appeared to be too
large. The discrepancy increased with airfoil thickness.
The important practical effect is that the data from the
variable-density tunnel apparently showed too large
a variation of drag coefficient with airfotl thickness.
Correct information regarding this variation may be of
primary importance to the airplane designer in choosing
the optimum airfoil sections for actual wings.

Further investigations of this subject were under-
taken, one of the most important being an investiga-
tion of three symmetrical sections, N. A. C. A. 0009,
0012, and 0018, under conditions of low turbulence in
the N. A. C. A. fullscale tunnel. Results from this
investigation (references 14 and 15) indicate a smaller
increase in drag with airfoil thickness than is indicated
by the results from the N. A. C. A. variable-density
tunnel. Furthermore, comparative tests were made
in the two tunnels by applying strings to the surface
of the N. A. C. A. 0012 airfoil to move the transition
point to a predetermined position. These tests indi-
cated that, for this airfoil, the discrepancies were too
large to be ascribed to failure of the effective Reynolds
Number concept to correct approximately for the drag
as affected by transition.
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Another correction, however, was suggested by the
investigation in the full-scale tunnel. Differences
between the results from force and momentum methods
of measurement suggested the presence of increments
of support-interference drag that increased with section
thickness. Further tests, made with additional dummy
supports, verified the presence of this type of support
interference in the fullscale tunnel. Tests were
therefore started in the variable-density tunnel to
investigate any variation of support interference with
airfoil thickness, in spite of the fact that previous
investigations (see appendix of reference 4) had shown
no definite corrections for two airfoils, the N. A. C. A.
0012 nnd 4412. Improvements of the balance of the
variable-density tunnel were expected to enable greater
accuracy than was obtainable from the previous bal-
anee arrangement. The results of this investigation
indicate that marked increments of support-interfer-
ence drag, easily measurable, are ‘present in the drag
results from the variable-density tunnel, the increment
inereasing with airfoil thickness.

The purpose of this report is to present the cor-
rections for application to published results from the
variable-density tunnel to give more reliable values
of section profile-drug cocfficient for airfoils of various
thicknesses. The practical cffect of the corrections
on the choice of the optimum section is briefly con-
sidered. Comparison is made between some corrected
drag data from the variable-density tunnel and from
other sources to show the extent of the existing agree-
ment.  Correeted data for a selected list of airfoils are
also presented as a convenience to the designer.

METHOD

The standard method of testing in the variable-
density tunnel, the model supports, and the method of
determining the tare forces are described in reference 1.
The usual tare tests determine the tare forces on the
supports including  the interference of the model on
the supports.  The conventional method of determin-
ing the balance-alinement correction by testing a
symmetrical airfoil through positive and negative
angles of attack determines the effects of balance and
air-stream misalinement and any interference of the
supports on the model that is equivalent to a change
in air-flow direction. ]

The method selected for investigating the additional
interference of the supports on the model was the same
as that described in the appendix of relerence 4. Tests
were made of enel airfoil supported by three different
methods.  Besides the method of using the usual sup-
port struts, tests were made with the models mounted
on the usual supports with the addition of special sup-
ports and with the models mounted only on the special
supports.  The special supports consisted of three wires
attached to the quarter-chord point of the model at
each wing tip and of a sting and an angle-of-attack

strut so located as to be as free as possible from aero-
dynamic interference with the regular supports. The
sting was symmetrical with respect to the airfoil and
was attached near the trailing edge instead of to the
lower surface, as usual.

The tares due to the special supports were deter-
mined from data obtained from the tests with the models
on the regular supports with and without the special
supports. These tares were then applied to the data
obtained with the model on the special supports alone;
the results were then compared with the data obtained
in the customary manner to determine the unevaluated
interference caused by the usual supports. This nicthod
does not ecliminate balance deflections arising from
sources other than aerodynamic forces on the model
and the supports. A test was accordingly made with
no model nor supports in the tunnel; the result showed
that no such balance deflections were present.

The scope of the present investigation was limited
to the study of the profile drag at low and moderate
lift coefficients at the highest value of the test Reynolds
Number ordinarily obtained (about 3,000,000). Tests
were made of the N. A. C. A. 0012, 0018, 0025, 0030,
and 0040 symmetrical airfoils to study the variation of
support interference with airfoil thickness. The N. A,
C. A. 43012, 43018, and 8318 airfoils were also tested
to obtain an indication of the variation of support inter-
ference with camber.

RESULTS AND DISCUSSION
MINTMUM PROFILE-DRAG COEFFICIENTS

‘The effect of the support interference on the measured
section minimum profile-drag coeflicients is shown in
figure 1. The increment of the minimum profile-
drag coefficients caused by the support interference is
plotted against airfoil thickness for the five symmetrical
and the three cambered airfoils tested. The points
for the five symmetrical airfoils lie on a fair curve
pasding through zero at zero airfoil thickness, the
scatter of the points being small when consideration
is taken of the_difficulties involved in these tests.
The points obtaitied for the N. A. C. A. 43012 and
43018 airfoils fall clese to but on opposite sides of
the curve for the symmetrical airfoils. The camber of
these airfoils (4 percent) is about the upper limit of
camber for the commonly used airfoils. The point
obtained for the N. A. C. A. 8318 airfoil falls 0.0007
above the curve and would secem to indicate an in-
crease in support interference for highly cambered
airfoils. In this case, however, the point for the
N. A. C. A. 43018 airfoil would be expected to fall
between those for the N. A. C. A. 8318 and 0018 air-
foils; whereas it falls slightly below that for the sym-
metrical airfoil. Inasmuch as each point was obtained
from the results of three tests, two of which (those
with the wire supports) were made with very large
tare forces, the displacement of the point for the
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N. A. C. A. 8318 airfoil from the fair curve is only of
the order of the possible experimental error.

The shape of the curve of figure 1 suggests that the
interference may be largely of the nature of a buoyancy
effect, in which case the interference should be primarily
a function of airfoil thickness; and other factors, such
as camber, should ordinarily be minor variables. Ac-
cordingly, because the present tests fail to show sig-
nificant variations with camber and because it is not
considered practicable to make such tests for a large
number of airfoils, the values obtained from theé faired
curve of figure 1 will ordinarily be used to correct the
measured minimum profile-drag coefficients. These
values are thought to represent the correction with
sufficient accuracy for most applications of commonly
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FiGURE 1.—Variation with airfoil thickness of the increment of minimum profile-
drag coefficient caused by support interference for the N. A. C. A, variable-density

tunnel. I
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used airfoils. The applicability of these values to
data obtained at other values of the Reynolds Number
is more doubtful, but such application appears to offer
the best approximation possible at this time and,
accordingly, will be made.

The corrected minimum profile-drag coefficients for
the symmetrical airfoils from 9 to 25 percent thick are
given in table I. The second column of this table
gives the "y values originally published in reference 2.
The third column gives the ¢, values taken from
reference 5, except for the N. A, C A. 0025, Some of
these Cay values were obtained by correcting the C')o
values for the drag increment (0.0011) to correct to
the effective Reynolds Number and for the tip-drag
increment (reference 4). The rest of the Ca, values are
from the results of more recent measurements similarly
corrected. The fourth column gives the support-
interference increments taken from the curve of fig-
ure 1. The finally corrected o values of the fifth
column were obtained from the t‘lnrd column by cor-
recting the data, according to the procedure suggested

in the appendix (equation (1)}, for the support inter-
ference and for the revised correction for the effective
Reynolds Number. Corresponding values obtained

from the support-interference tests are presented in

the sixth column. The principal result is presented
in the last column and represents the difference in
minimum profile-drag coefficients between the data
published in references 4 to 6 and those presented
herein. Other published data may be corrected by
the methods presented in the appendix.

TABLE I

DATA ON CORRECTION OF MINTMUM DRAG OF
SYMMETRICAL AIRFOILS

[Effective Reynolds Number, approximately 8,000,000

¢4y (from

. c Support Carree-
(1}:. : (ro;:-“r- ¢4y (refor- o ¢4g (cOT- “m{’(::_" tion
airfoil | ence?) | °pce ) | ference ents

rected)
(fig. 1) ferenoe | ments «

0006 0. 0065 0. 0054 0. 0005 00051 [ ___ ... 0. 0003

0074 . 0061 . 0007 ons8 | .. . . 0006
0012 0083 0069 . 0010 0. 0060 00m
0015 0093 0077 . 8013 11,1 N I 0013
0018 . 0108 . 0088 . 00165 .07l L0073 L0017
0021 L0120 . 0100 .00IR L7y S . 0021
0025 .0143 5 0119 . 0022 . 0042 . 009t . 0027

« Correction increments are sums of increments resulting from support-interference
correction and change in method of correcting for (-lro('mc Reynolds Number.
b Reference 6.
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FiGURE 2.—Variation of minimum profile-drag coefficient with airfoil thickness.
Fifectire Reynolds Number, 8,200,000

The application of these corrections results in a
greatly decrcased variation of drag with airfoil thick-
ness. This variation is shown for the N. A. C.
symmetrical, 230, 430, and 630 series airfoils in figure 2,
which may be considered a correction of figure 53 of
reference 5. It is evident that the smaller increase in
drag with section thickness will affect the choice of
wing sections. The best simple criterion for the selec-
tion of wing sections being considered the speed-range
index ¢,,,,/¢s, , figure 3 has been prepared from the

‘corrected data of figure 2 to be used in connection with
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ﬁgure 61 of reference 5 to study the effect of the cor-
rection on the thickness of the optimum section. The
result of the comparison is shown in table IT.

TABLE II

EFFECT OF SUPPORT-INTERFERENCE CORRECTION
ON OPTIMUM AIRFOIL THICKNESS

Thicknessof secticn for
highest c1,,,,/cq, .
min

N. A. C. A pirfoils {percent chord)

From Corrected
reference | results
5

(fig. 3)
Symmetrical 15 12
230 serfes.___ 9.5 10
430 series 10 10.5
11 12.5

230 serfes with 0.2c split flap._

The change in optimum thickness is evidently small
for airfoils without flaps. The losses associated with
an airfoil that exceeds the optimum thickness, however,
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FiGURE 3.—Variation of C'-ur,c‘l) with airfoil thickness.
min .

become less marked so that a compromise airfoil will
tend to be thicker by a greater amount than is indicated
by table II. This conclusion is particularly significant
when full advantage can be taken of the fact that the
maximum-lift increment produced by a high-lift device
may increase with section thickness. The upper curve

of figure 3 indicates that the optimum thickness for the
230 series may then increase to 12.5 or 13 percent and
that the aerodynamic loss associated with thicker sec-
tions is considerably smaller than previously indicated.
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Comparison of the corrected data from the variable-
density tunnel with the available comparable data from
other wind tunnels indicates a generally improved
agreement. The close agreement obtained for the
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FIGURE 5.—Variation of profile-drag coefficient with thickness for N. A. C. A. 24 series
ajrfoils.

N. A. C. A. 0009, 0012, and 0018 airfoils in the N. A.
C. A. variable-density and full-scale tunnels (reference
14) 1s shown in figure 4.

Figure 5 shows a comparison between the profile-
drag coefficients at zero lift for the N. A. C. A. 24 series
airfoils as obtained in the variable-density tunnel and
in the 5- by 7-meter tunnel of the DVL. The data
were not obtained at the same value of the Reynolds
Number, but the application of the correction to the
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data from the variable-density tunnel lmq reduced the
discrepancies.
Comparisons of minimum profile drag are made for

the N. A. C. A. symmetrical series airfoils in figures 6 to

9; comparisons of profile-drag coefficients at zero lift
are made for the N. A. C. A. 24 series airfoils in figure
10. In all cases, the data have been corrected to the
proper effective Reynolds Number and for tip effects
when necessary to make these data comparable with
those from the variable-density tunnel. The agree-
ment of the data for the N. A. C. A. 0009, 0012, and

0025 airfoil (fig. 9) is satisfuctory. 1In the case of the
N. A. C. A. 24 scrics airfoils (fig. 10), the chief discrep-
ancy between the data from the variable-density
tunnel and those from the 5- by 7-meter tunnel of the
DVL (reference 11) is that the data from the DVL
tunnel show a smaller rate of drag decrease with
increasing Reynolds Number.

These discrepancies in the rate of decrease of the drag
with increasing Reynolds Numbers as shown for the
N. A. C. A. 0012 airfoil in figure 7 and for the N. A. C. A.
24 series airfoils in figure 10 are particularly important
because, for large airplanes, the drag data must be
extrapolated. The differences in the data are such as
to cast some doubt on the applicability of the recom-
mended extrapolation formula (reference 4), although
no better formula can be suggested at this time. The
need for additional data obtained at large Reynolds
Numbers in tunnels of low turbulence is obvious.
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0018 airfoils as obtained in the variable-density and the
full-scale tunnels is seen to be generally satisfactory.
The agreement of the data for the N. A. C. A, 0012
airfoil (fig. 7) as obtained in the variable-density tunnel
and in the British compressed-air tunnel (references
12 and 13) cannot be considered satisfactory. In
particular, the results from the compressed-air tunnel
do not indicate a decrease of the minimum profile-drag
coeflicient with increasing Reynolds Numbers at the
higher Reynolds Numbers. The agreement of the
data obtained in the variable-density and the com-
pressed-air tunnels (reference 12) for the N. A. C. 4
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COEFFICIENT

VARIATION OF SECTION PROFILE-DRAG COEFFICIENT WITH LIFT

Curves of section profile-drag coefficient plotted
against section lift coeflicient with the model mounted
on the wire supports and on the usual supports are
presented in figures 11 to 17 for seven of the airfoils

tested.

The data obtained with the models on the
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wire supports include all corrections and represent the
best available approximation to the actual airfoil
section characteristics. The two curves of each figure
are comparable except for the presence of support
interference in the data obtained with the model on
the usual supports. The displacement between the
two curves of each fizure thus represents the support
interference.

The data of figures 11 through 17 show a tendency
for the support interference to deerease with increasing
lift coefficients, this tendency being more marked for
the cambered than for the symmetrical airfoils. This
varintion, however, is not consistent. The determina-
tion of the profile-drag coeflicient at other than small
1ift coeflicients from the support-interference tests was
complicated by the fact that the air-stream direction at
the airfoil was apparently dependent upon the support
system used, necessitating the determination of the bal-
ance and the air-stream alinement from the tests of the
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symmetrical airfoils. The data obtained were thought
not to justify the application of a varying correction
to the profile drag, and it was decided to apply the
support-interference correetion for the minimum profile-
drag coefficient to all measured profile-drag coefficients.

The effect of applying this constant correction may be
to indicate an optimum lift coefficient that is somewhat
too high and to reduce the profile-drag coefficients at
high positive lift coefficients more than is generally
justified by these tests. Morcover, the effect of apply-

ing a proportional correction instead of a constant in-.

crement fo the profile-drag coefficients to correct them
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to the effective Reynolds Number is to reduce still
further the profile-drag coefficients at large lift coeffi-
cients. Figure 11 shows a curve of profile-drag coeffi-
cients for the N. A. C. A. 0012 airfoil as obtained from
walke surveys in the full-scale tunnel (reference 15) and
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corrected to the effective Reynolds Number to be com-
parable with the variable-density-tunnel data. It will
be seen that the profile-drag coefficients as obtained in
the full-scale tunnel at the higher lift coefficients are
Iower than those obtained in the variable-density
tunnel, indicating that the application of a constant
support-interference correction probably does not result
in too low profile-drag coefficients at moderate lift
coefficients.
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DATA FOR COMMONLY USED AIRFOILS
As a convenience to designers, corrected data for a
number of commionly used airfoils are presented in
figures 18 to 59 and in table ITI. The left-hand side
of each figure presents the data for réctangular airfoils
corrected to an aspect ratio of 6 in free air but uncor-
rected for turbulence effects. The right-hand side of
each figure presents the best approximation to the sec-
tion characteristics, which are corrected as summarized
in the appendix. These data supersede previous data
published for thesc airfoils and are recommended for
design use until more reliable data are available,

CONCLUDING REMARKS

An investigation of the effect of support interference
on airfoil drag data from the N. A. C. A. variable-
density tunnel showed the presence in these data of
large support-interference increments, increasing with

airfoil thickness. The effects of these increments
were to make airfoil drag data from the variable-density
tunnel appear high and to show too large a rate of
drag increase with airfoil thickness. These increments
have been evaluated and the corrected data are recom-
mended for immediate use. A large amount of recent
data, however, has suggested that these, or other cor-
rections, to airfoil data obtained in the variable-density
tunnel will not produce ultimately satisfactory results,
It is planned, therefore, to obtain further airfoil section
data under test conditions more favorable than those
in the variable-density tunnel.

L.ANGLEY MEMORIAL AERONAUTICAL LABORATORY,
Nationar Apvisory COMMITTEE FOR AERONAUTICS,
LaxcrLeY Frewn, Va., Februmy 13, 1939.
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APPENDIX

SUMMARY OF CORRECTIONS TO AIRFOIL DATA FROM
THE N. A. C. A. YARTABLE-DENSITY TUNNEL

As a convenience to designers in correcting previously
published data to be comparable with the data published
in this report, a brief summary of the corrections now
applied to airfoil section data is presented. These
corrections apply to data obtained after January 1931
and most of them have been discussed in greater de-
tail in reference 4. The corrections are presented in
the order in which they are applied. Information is
also given to aid in correcting previously published data.

Corrections for tunnel-wall effects and to infinite
aspect ratio.—The formulas for correcting the data for
tunnel-wall effects and to infinite aspect ratio are given
in reference 1. Second-order effects not allowed for in
these formulas have been investigated and found to be
negligible for the usual tunnel tests. These corrections
have been applied to all published data.

Support-interference correction.—The support-inter-
ference increment as obtained from figure 1 for the
proper airfoil thickness is deducted from the drag or
the profile-drag coeflicients. A support-interference
increment of the pitching-moment coefficient of 0.002
(see appendix of reference 4) is subtracted from the
measured pitching moment. This second correction
has already been applied to all published data.

Corrections to section characteristics.—The first-
approximation section characteristics as obtained by
correcting to infinite aspect ratio are unsatisfactory,
first, because the airfoil theory does not represent with
sufficient accuracy the flow about the tip portions of
rectangular airfoils and, second, because the measured
coefficients represent average values for all the sections
along the span; whereas each section actually operates
at a section lift coeflicient that may differ markedly
from the wing lift coefficient. 'The following corrections
are therefore applied as a second approximation to the
section characteristics.

€1, =1.07C,
a,=0.96a,’

“ap=ay'+0.39C,, (deg)

mar

cap= CDO+o.oomcg—%(z—s)o.oooz (t=6)

where ¢ is the maximum thickness of the airfoil in
percent of its chord and the primed values are those
obtained from the first approximation. For some
unusual cases, where the lift-curve peaks are very

gradually rounding with little loss of lift beyond the

stall, the maximum lift coefficients for the sections are
increased by 4 percent instead of by 7 percent. The
30

curve of profile-drag coefficient against lift coefficient
is modified at high lift coefficients (usually above about
C,=1) owing to the change of Cimez and the variation
of ¢4, along the span, resulting in final values of ¢4, lower
than those given by the formula in this range of lift
coefficients (reference 4).

Turbulence.—The corrections for turbulence are
made by use of the concept of an effective Reynolds
Number. The scale effects that appear in the tunnel
tend to correspond, in general, with those that would
appear in flight at a higher Reynolds Number, which is
therefore referred to as the “effective” Reynolds
Number. The effective Reynolds Number is obtained
by multiplying the test Reynolds Number by the
turbulence factor, which is taken as 2.64 for the variable-
density tunnel. This correction to the effective
Reynolds Number necessitates a correction to the drag
coefficient; this correction is applied by multiplying the
profile-drag coefficient, after the foregoing corrections
have been applied, by the ratio of the turbulent skin-
friction coeflicient of a flat plate at the effective Reyn-
olds Number to that at the test Reynolds Number.
This factor is taken as 0.85 for the usual test Reynolds
Number of about 3,000,000. Because of the presence
of induced velocities over the airfoil surface, this
method is considered more justifiable than the method
formerly used of subtracting a constant increment
from the drag coefficients (see pp. 19-22, reference 4)
but is obviously not applicable when large form drags
are involved. For flapped airfoils, an approximate
correction may be applied by subtracting the incre-
ments determined for the plain airfoil.

Correction of previously published data.—The im-
portant previously published airfoil data from the
variable-density tunnel may be placed in five groups as
regards the corrections needed to make the data com-
parable with those published herein. The five groups,
and the corrections necessary, are as follows:

1. The data of group 1 are uncorrected except for
those corrections described herein as having been
applied to sall published data. The other corrections
should be applied in the order listed. These data are
subject to a correction arising from a consistent error
in measuring the dynamic pressure. Ifconsidered of
sufficient importance, these data may be corrected by
changing the coefficients to correspond to a reduction
of measured dynamic pressure of 0.5 percent. (See
appendix of reference 4.)

2. The data of group 2 are uncorrected except for
those corrections described lierein as having been
applied to all published data. The other corrections
should be applied in the order listed.



AIRFOIL SECTION DATA AS AFFECTED BY SUPPORT INTERFERENCE

3. The data of group 3 are partly corrected. The
corrections to section characteristics are satisfactory
except for the maximum lift coefficient, which should
be increased an additional 4 percent. A correction, no
longer considered justifiable, has been applied to the
aerodynamic-center position and may be removed by
shifting the published positions back from the leading
edge by 0.005¢ and by doubling the vertical distance
between the aerodynamic-center position and the chord
line. The profile-drag coeflicients may be corrected
for the support interference and the revised correction
to the effective Reynolds Number by the following
formula: -

Cay=0.85(cay ,, +0.0011—AC0, ) 1)

where AC), , is the proper support-interference incre-
min N

ment obtained from figure 1.

4. The only correction needed for the data of group 4
is the correction to the profile-drag coefficients given
in equation (1).

5. The data of group 5 need no corrections.

The data of the more important publications are
classified in the following table.

CfASSIF'ICATION OF PUBLISHED AIRFOIL DATA
FROM THE N. A. C. A. VARIABLE-DENSITY WIND
TUNNEL

Published sourre
Group R
g."‘j\‘_’fﬂﬁl bt Figure or table

1 460 All material.
2 537 All figures.

586 fFigureﬂ 2-24,
3 537 Table T1.

586 All but figures 2-24.
4 610 All material.

628 Do.
5 831 Table I.
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TABLE III
AIRFOIL SECTION CHARACTERISTICS

_ Classification Fundamental section characteristics Derived and addl};?nglﬁ}é?a?i&eé;ségz that may be used
P rA' 3 Wing ch
refer- = _ Ving char- . —_
ence E a.c:n(‘[:er acteristics { Thickness (percent | S
Airfoil (R=re- $2 from c/4) < A=6; round <) at— S
pﬁrt, p::é : < tips 8
- ~ M
techni- = Bl 1R g
cal | - | 2% 313 SEl & g
note) | © «| 5 § o sigle L f® 2| <8 . a 2
Elo o dlE IS 8 sl F & B 2 13 S 288
i B I0Ig?f| s | ole | d J LS g8|s g§-| S 3| 3| = S
Clark Y. -] R418 Bl Ci0] C4 D] 84168 |-5000020.12 0 0071 |0, 069 V11 41 237 29 { 4.0v 10,0072 | 10.53 | 8, 11.70 3.9
Clgrk\\f 15 N42. [ Ci D10 D4|C 8.4 11,70 |—5.2].094 | .10 | . 007 —. 068 ! 7 224 a0 [ 4.14 0079 | 13,51 1 10.63 | 15, 4.0
Clark YM-18_. N42 | C F10| E4 | C R.211.60|~51].091 07 | .0085 | — 064 i 1.4 5 18% 30 [ 4.0 006 | 16.21 | 12.72 | 18.00 4.0
Curtlss C-72.. ... N 412 BlCw|c4|D! 80]1.74|-56].095}.23.0071 | —. 0%4 ;1.0 325 4,18 1 ,0075 1 10.53 | 7.30 | 11.73 4.0
Géttingen 387, . N4% !Bi1 D10 D6|D| 8.4!1.70{-6.6 71,30 ].0076 1 — 003 ¢ .7 41 224 32 14.24].0081 ; 13.40( 9.69 | 1485 5.9
Gottingen 398, N 412 B{DI0; D5;D| 81168 [-60].084 15 .0076 | —. 081 .4 1 221 31 [ 4.14 | .0070 | 12,50 ] 9.27 | 13. 7, 4.9
L IN42. (B C10, C4!D| 81 ]1L72|-54].09 .17 L0075 | —. 075 | .8 41 220 30 [ 4.20(.0076 | 11,25 836  12.37 4.5
.CYH.| N 412 B|Cli|C3 D} B.1]1.58—-29].085].08 L0085 | — 027 | .7 61 243 29 1 418 | .0066 | 10.53 | 8.20 | 11.70 3.1
AMe. IN#12. A€l C3ID| 8O} —.8 5 1,03 |. 002 [—. 4 0 2290 2 {1 4.18.0066 | 10.20 | 9.00 | 12.01 2.4
o N412 Bl Cw!| C6|!B| 811171 1—47].004 30.0075  —. 078 |18 5 2B 30 {414 | .0084 | 10.40 | 8.70 | 11.12 5.6
A ... R628._!B|E1W0]| E8|D 8.4 11.52—8.0.095 38 {.0004 | — 111 .8 5 162 341418 16, 11.90 | 18.18 7.3
B N 412 B! Cio| C5{B| 83]181!-52;.099].35.0071 —. 076 .5 5 i3 30 ] 4.3t 0076 | 10.56 | 7.54 | 11.6] 4.6
JATALD A D 85; .91, O .008 0 R T 21 178 35 | 4,28 ; .0051 535 413! 6.00 0
JA!B1O! BojA| 8313 0 .098 |0 L0058 5 0 1.0 50 240 2 | 4.287.0058 | RO2 620] 9.00 0
Al C1o] CojA ] 84 /166, 0 .099 10 L0060 | O N 3| 2 2% | 4.32 10.69 | 8.27 | 12.00 0
JA | DIO[DO}A| 86[165] O .097 10 L0064 1 0 1.2 47 259 25 1424 13.36 | 10.33 | 15.00 0
A EI0| E0O|A]| 7.8[153 ¢ .096 [0 0070 1 D 17 4 219 2514.20:.0070 ; 16.04 | 12.40 | 1R.00 0
A FI10; F1]A| 83[148 0O .083 0 L0080 ; O 3.0 6| 185 24411 0080 | 1R.71 { 14.46 | 21.00 0
Ao E2!D| 88{1.2% | 0 .085 10 L0094 : O 2.7 51 134 251 3.8271.0004 | 22227 17.22 | 25.00 0
....... Al . D] 84106 0 L0740 01T | —.005 ¢ 6.9 26 12} 19 1 3.48 | .0117 | 26.72 ; 20.66 | 30.00 0
Al Ci12{ C3|B| 84;172{—-1.8].099].12;:.0062. —. 020 . .0 51 217 2r - 4.31 o087 10.69 1 8.25 | 12.00 2
Al Bi0] B2 B 81 (1.62]-1.7].060].08 —. 044 7 4 270 28 : 4.31 0061 8021 620 900 2
AlCcwo] C2|/B] 82172 {-20],008].14 —.043; .5 3] 282 28 1 4.28 082 : 10.71 ; 8.27 | 12.00 2
Al Dol D2l 80168 —17].007].10}.0058 ) —.040 1.4 50 244 28 1 4.24 | 0079 13.39 { 10.34 | 15.00 2
A:F10] E2|C, 801,53 |—1.0.094 .06 .0076 —.038 | 1.1 21 201 7 14,14 | L0076 1 18.08 [ 12.39 © 18.00 2
A A0 A D] 8111.32]-3.9.100 .32 .0062 | —. 05 .4 o) 213 32 1 4.34 . 0071 5401 4.16, 6.00 4
A BIO] B4 A 811 1L77(-3.0).006;.26}.0066: —. 038 ; .6 2| 28 34 00721 807 6.21} 9,00 4
A C10}| C4;D 7.6 1174 40! .098 1} 52:.0071 — 038 .8 2 25 31| 4, 007 10,97 8.28 | 12.00 4
A D10, D4 | C 7.9 1.72 40, .097 | .22 36, —.085 | 1.0 1 3L 4.24 | 0079 ; 13,45 : 10.34 | 15.00 4
A EW| E4|D 8.1 ] 157 l—3.7 [ S K] 0079 | —.078 | 1.4 1 199 31 : 4.07 onel | 16,15 : 12,40 | 18.00 4
LA Fio| E5|D | 8.2 1.41!-44 080} .08 .0088 —. 071 |19 2| 160 3213.96|.0080 | 18.79 ; 14.48 | 21,00 4
LA A2 A D, B3 L17T{-1.2[.100}.15].0057 | —. 01210 8] 205 26 {4.3¢|.0058 | 5345 413 6.00 1.8
dJAIB12l C21A 8.3 1.66 |—1.1 .08 .0059 { —000 | .9 71 281 2514.32].0060 | 8.02| 6.21 9.00 1.8
AL talcuelp2lal s4]174]~1.2.100;.08.0060 | —. 00812 71 20 25]4.34 ;.0061 | 10.69 | 8.25 | 12.00 1.8
. AlDiI2I D2 A 84 1L73 |—11 008 ;.10 1.0067 | —. 008 | 1,1 8 24 | 4. 12,36 {1 10.35 ;1 15.00 1.8
CAL 1A ! ®Ri12{ E2!B] &.2}1.58[-1.2.007 .08 .0074 ] —.006 | 1.7 6 214 4|42 74 | 16,04 § 12.30 | 18,00 1.8
LA 2 A F12! F2| B | 82|15 —1.2{.002].07)|.0080  —. 00523 7 §88 24 | 4.07 | 0080 | 18.70 | 14.44 | 21.00 1.8
CA L4 JA;C12] D4 A R.4[1.84/—-23).100.26.00688,6 —.019 | 1.0 71 2711 27 1 4.24 | .0071 [ 10.62 | 8 12.00 3.7
CAL Re0 |AiDI2]{ D4 A | 831 1L76!-231.101].18[.007 —. 015} 1.2 51 251 26 1 4.37 | .0071 | 13.36 | 10.32 | 15.00 3.7
LA JAJEI2I E4,C, 831163 —2.41.086 | .16 | 007" —.013 | L.8 61 209 2 i 4. 007 16.03 | 12. 4 18. 00 3.7
Al Al C12| D6 A 831184 —3.5(.100 ] .40 | .007. —.033 (27 13] 245 26 1 4.34 | .0087 | 11.03 | 8.27 112,00 55
LAl Al E12] ET|A ‘ 8.2 1.63[—-3.4].087].15;:.00%0 | —. 020 2.1 6 204 26| 4.24 | .0081 | 16.04 | 12.44 | 18.00 5.8

t Type of chord. See reference 16,

1 Type of pressure distribution. Sce reference 1

1 Type of scale effect on maximum lift, A <lgniﬂes practically no scale effect.  For other designations, sce reference 4.
« Type of lift-curve peak as shown in the sket c es

VYA

4 Turbulence factor is 2.64.
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Positive directions of axes and angles (forces and moments) are shown by arrows
Axis Moment about axis Angle Velocities
Force
S (paralle)l S P b S (Linesr
. . m- | to axis . : ym- ositive esigna~ ym- | (com;
Designation gol symbol Designation | “p) direction tion bo! |nentalong Angular
axis)
Longitudinal. . ___ X X Rolling_____ L Y—Z Roll_____ ¢ u P
Lateral .. ________ Y Y Pitching__..| A Z—X Pitch..__| @ v q
Normal________.__ Z ¥4 Yawing-.---| & X—Y Yaw.._.... v w r
Absolute coeflicients of moment v Angle .of set of control surface (relative to neutral
L M N position), 8. (Indicate surface by proper subscript.)
=5 = Co=2 -
gb " geS gbS
(rolling) (pitching) (yawing)

4, PROPELLER SYMBOLS

D, Diameter P
P, Geometric pitch ’
p/D, Pitch ratio

1% Inflow velocity

. P
Power, absolute coefficient CP=;‘n—3ﬁ

. 5 fpVs
C,, Speed-power coefficient= P

3 .

V.,  Slipstream velocity ki Efficiency
T n, Revolutions per second, r.p.s.
T, Thrust, absolute coefficient 0T=—2—-D . . Vv
m o, Effective helix angle:tan“(m)
Q, Torque, absolute coefficient CQ:M?—D‘
5. NUMERICAL RELATIONS

1 hp.=76.04 kg-m/s=550 {t-Ib./sec. 1 1b.=0.4536 kg.
1 metric horsepower=1.0132 hp. 1 kg=2.2046 1b.
1 m.p.h.=0.4470 m.p.s. 1 mi.=1,609.35 m=5,280 ft.
1 m.p.s.=2.2369 m.p.h. 1 m=3.2808 ft.

NACA - Langley Field, Va.
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